Objective: To analyze the efficacy and safety of paliperidone palmitate 3-monthly (PP3M) in Latin American patients with schizophrenia vs. rest-of-world (ROW). Methods: We analyzed data from two multinational, double-blind (DB), randomized, controlled phase 3 studies including patients with schizophrenia (DSM-IV-TR) previously stabilized on PP1M/PP3M (open-label [OL] phase). Patients were randomized to PP3M or PP1M (noninferiority study A) and PP3M or placebo (study B) in DB phase. The subgroup analysis included Latin American (Argentina, Brazil, Colombia, Mexico) patients. Primary efficacy endpoints were relapse-free rates (study A) and time-to-relapse (study B).
Introduction
Relapse in schizophrenia can lead to progressive psychosocial, occupational, and neurological deterioration, with loss of productivity and increased caregiver burden and healthcare utilization. 1, 2 Poor adherence to medication and longer duration of illness (particularly 4 10 years) may increase the likelihood of relapse, and therefore uninterrupted, early intervention is desirable. 3 Long-acting injectable (LAI) antipsychotics have been shown to improve medication adherence and lower the incidence of treatment discontinuation, relapse, and rehospitalization by offering advantages of consistent bioavailability, predictable plasma concentrations, lower frequency of dosing, and feasibility of tracking adherence and treatment response via regular appointments. [4] [5] [6] [7] [8] Clinically meaningful improvements in acute symptom exacerbations, [9] [10] [11] relapse prevention, 12 and long-term maintenance treatment [13] [14] [15] have been observed with paliperidone palmitate once-monthly (PP1M) LAI in over 3,000 patients with schizophrenia. The newer paliperidone palmitate 3-month formulation (PP3M) LAI offers a 3-month dosing interval, with only four injections per year, which improves the prospects for adherence and lowers the risk of symptom exacerbations owing to maintained therapeutic plasma concentrations. 16, 17 In two large prospective phase 3 studies, PP3M achieved steady-state exposure and demonstrated efficacy in reducing relapse rates in patients with schizophrenia previously stabilized with PP1M. 18, 19 Because large international multicenter studies involve different patient populations, and regional effects may interfere with data homogeneity, regional subgroup analyses are desirable. 20 Global data on PP3M in schizophrenia were generated from two prospective phase 3 studies: a noninferiority study comparing the efficacy of PP3M vs. PP1M (study A) 18 and a primary efficacy study of PP3M (study B). 19 Subgroup analyses of the noninferiority global study demonstrated the efficacy and safety of PP3M in East Asian 21 and European populations (unpublished data), which was consistent with the global population. The Hispanic population represents an important ethnic subgroup, with documented differences in pharmacological response to pharmacokinetic and pharmacodynamic factors. 22 Here, we studied the efficacy and safety of PP3M in Latin American patients with schizophrenia and compared these outcomes with findings for patients from the rest-of-world (ROW) based on a subgroup analysis of study A and B.
Methods

Study design and population
A subgroup analysis of Latin American patients (Argentina, Brazil, Colombia, and Mexico) was performed with data from two multinational, double-blind (DB), randomized, controlled phase 3 studies (NCT01515423 and NCT01529515). Details of inclusion and exclusion criteria and study design for both primary studies have been described elsewhere. 18, 19 Briefly, patients (men and women aged 18 to 70 years) with schizophrenia (DSM-IV-TR criteria), diagnosed for X 1 year before screening, and with Positive and Negative Syndrome Scale (PANSS) score between 70 and 120 were included. Key exclusion criteria were: active DSM-IV diagnosis other than schizophrenia; significant risk of suicidal behavior; history of substance dependence within 6 months before screening; morbid obesity (body mass index 4 40 kg/m 2 ), or other systemic disease. 18, 19 In both studies, eligible patients received PP1M during a 17-week open-label (OL) stabilization phase. In study A, stable patients (PANSS o 70, PANSS item [P1, P2, P3, P6, P7, G8, G14] score p 4 and Clinical Global Impression-Severity [CGI-S] score X1) were directly randomized to receive either PP1M or PP3M in a 48-week DB treatment phase. 18 In study B, following the OL stabilization phase, patients entered a 12-week OL maintenance phase and received a single dose of PP3M. Stabilized patients were then randomized to either PP3M or placebo in a variable length DB treatment phase. 19 For both studies, the protocols and their respective amendments were reviewed by an independent ethics committee or institutional review board at each site. The studies were conducted in compliance with the Declaration of Helsinki and applicable regulatory requirements. Written informed consent was obtained from all patients before study enrollment.
Treatment
During screening, patients without documented tolerability to oral or injectable risperidone or paliperidone received paliperidone extended release (ER) 6 mg tablets for 4 to 6 consecutive days (oral tolerability testing). In the OL phase, patients received PP1M at the following doses: 150 mg eq. (day 1, deltoid muscle), 100 mg eq. (day 8, deltoid muscle) followed by once-monthly flexible-dose PP1M (50, 75, 100, or 150 mg eq.) on days 36 and 64 (deltoid or gluteal muscle) and same dose as day 64 on day 92. In the OL maintenance phase of study B, patients received a single dose of PP3M at 3.5 times the dose of the final PP1M dose (day 92 of OL phase). 19 In the DB treatment phase of study A, patients received fixed doses of either PP3M at 3.5-fold the dose of PP1M received at week 9 (175, 263, 350, or 525 mg eq.) or PP1M (50, 75, 100, or 150 mg eq.). Patients in the PP3M group were administered monthly placebo injections (Intralipid, 20%) to maintain blinding. 18 In the DB phase of study B, patients received either PP3M (175, 263, 350, or 525 mg eq.) at the same dose received on day 120 of the OL maintenance phase or placebo (Intralipid, 20%). 19 
Assessments
The primary efficacy endpoint for study A was the percentage of patients who remained relapse-free at the end of the 48-week DB phase. For study B, the primary efficacy endpoint was the time from randomization to first relapse event in the DB phase. In both studies, assessment of relapse was based on the definition by Csernansky et al. 23 (the same criteria used in previous paliperidone ER and PP1M studies).
Secondary efficacy endpoints for both studies included changes from DB baseline to endpoint in PANSS total score, CGI-S, and Personal and Social Performance scale (PSP). The effect of PP3M/PP1M on caregiver burden relative to oral antipsychotics was evaluated based on changes in Involvement Evaluation Questionnaire (IEQ) scores. The IEQ is a 31-item core module questionnaire to be completed by designated caregivers. 24 Safety measures comprised recording the rates of treatment emergent adverse events (TEAEs), including serious TEAEs and TEAEs leading to drug withdrawal, clinical laboratory tests (including prolactin and glucose measurements), assessments of body weight, electrocardiograms, and injection-site evaluations.
Statistical analysis
The sample size determination for each individual study has been described. 18, 19 Both studies were not powered for individual subgroup analysis.
The modified intention-to-treat (mITT) DB analysis set (defined as all patients who entered the DB phase and received X 1 dose of DB drug, without any errors in the delivery of active treatment due to the manufacturing of the investigational product) was used for analysis of the primary and secondary efficacy endpoints from study A. For study B, all efficacy analyses during DB phase were summarized in the ITT (DB) analysis set that included all patients who received X 1 dose of study drug in the DB phase. For both studies, safety during the OL phase was summarized in the ITT OL analysis set that included all patients receiving X 1 dose of study drug in the OL phase; whereas safety analyses for the DB phase were conducted using the safety analysis set (defined as all patients receiving at least one dose of study drug during the DB phase).
The Kaplan-Meier method was used to estimate the 48-week cumulative relapse-free survival rate from study A; standard error (SE) estimates were based on Greenwood's formula. For study B, the Kaplan-Meier method was used to estimate time from randomization to the first relapse event in the DB phase and the log-rank test (two-sided) was used for comparison between PP3M and placebo. For both study A and study B, treatment comparisons between PP3M and PP1M or placebo for changes from DB baseline to endpoint in PANSS, PSP, and CGI-S scores were performed using an analysis of covariance model (ANCOVA) with treatment and country as factors and DB baseline score as a covariate. Leastsquare (LS) estimates of the treatment differences and 95% confidence intervals (95%CI) were reported.
Mirror image analysis was performed to evaluate if caregiver burden was reduced for patients who were switched from oral antipsychotics to PP3M. The analysis was carried out using a mixed model with caregiver burden at OL baseline and DB endpoint as the outcome variable, and with study ID and time points (OL baseline and DB endpoint) included as factors. The analysis was performed using the pooled modified ITT (DB) analysis set (including mITT [DB] analysis set in study A and ITT [DB] analysis set in study B) and was limited only to patients who were taking an oral antipsychotic prior to study entry and who had both OL baseline and DB endpoint IEQ data. The LAI treatment groups (PP1M/PP3M) from both studies were pooled together, including patients from study B who were randomized to placebo in the DB phase, but received PP1M/PP3M in the OL phase.
Descriptive statistics by study phase were used for baseline, demographic, and safety assessment. Figure 1 ).
Results
Patient disposition
Demographics and baseline characteristics
Baseline demographic and disease characteristics were generally balanced across treatment groups and similar between patients from Latin America and ROW (Table 1 ). In the OL phase of both studies, patients from Latin America were predominantly men (study A: 48/87 [55%], study B: 57/69 [83%]), with mean age of 40.6 years (study A) and 34.5 years (study B). The DB phase also included mostly men (65% to 86%) with similar mean ages ranging from 34.6 to 42.0 years; except for the PP3M group in study A, which included mostly women (20/34 [59%] ). The mean age of schizophrenia diagnosis ranged from 21.4 to 26.9 years and most patients did not have a history of hospitalization for psychosis within 24 months prior to study start. Symptom severity as indicated by baseline PANSS score prior to randomization was similar in the Latin American and ROW subgroups and generally higher in study A.
Primary efficacy
At the end of the 48-week DB treatment phase of study A, the proportion of patients who relapsed was small for patients from Latin America (PP3M: 1/34 [ Table 2) .
The Kaplan-Meier estimate of the difference (95%CI) between the treatment groups (PP3M-PP1M) in the percentage of patients who remained relapse free was -3% (-8.9 to 2.8%) in the Latin American subgroup and 1.8% (-2.2 to 5.9%) in the ROW subgroup; the lower bound of the 95%CI was larger than the pre-specified noninferiority margin of -15%, suggesting noninferiority of PP3M to PP1M.
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Mirror image analysis
Mean (SD) change in IEQ total scores (-9.4 [15.16] ) from OL baseline (pre-switch) to DB endpoint (post-switch) suggested significant attenuation (p o 0.001) in overall caregiver burden in patients who switched from oral antipsychotics (prior to study entry) to LAI (during the study) ( Table 4) . Mean (SD) changes in number of work days missed by caregivers over the past 4 weeks (-5.6 [11.19] ) and number of leisure days of caregivers impacted over 
Discussion
The present subgroup analysis explored the efficacy and safety of PP3M in patients with schizophrenia from Latin America compared to ROW. Although some differences were noted (e.g., changes in secondary endpoints, rates of certain TEAEs), the overall efficacy and safety findings were consistent with those observed in the global cohort. In study A, nearly 90% of patients from Latin America and ROW who received either LAI treatment (PP3M or PP1M) remained relapse-free and completed the 48-week DB phase. Patients from Latin American and ROW in both treatment groups achieved clinically meaningful improvements in psychotic symptoms (PANSS total scores) along with improvements in treatment response (CGI-S) and psychosocial functioning (PSP score) during the study. In study B, more than 90% of patients receiving PP3M from both Latin America and ROW remained relapse-free, and the median time-to-relapse was not estimable. It is noteworthy that the randomized withdrawal design of study B simulates sudden treatment discontinuation that is commonly encountered in routine clinical practice, and these results therefore suggest that patients at such risk could potentially benefit from PP3M. 19 Changes in secondary efficacy parameters suggested that patients from both subgroups on PP3M treatment had a stable symptomatic and functional status through the DB phase.
Nonadherence to medication is an impediment in the management of schizophrenia. The rate of nonadherence in Latin America is approximately 20% and younger women are regarded to be at greater risk. This observation is in accordance with available literature that reports overall nonadherence rates of 20 to 80% and higher occurrence in younger individuals. 25 Extended dosing interval and reduced number of injections (only four injections per year) with PP3M may potentially improve treatment acceptance, alleviating nonadherence. 19 The reduced dosing frequency may also be beneficial for patients with limited access to healthcare facilities, in addition to providing a larger window for clinicians to monitor treatment progress and manage impending relapses and more time for vocational rehabilitation and functional recovery. 18, 26, 27 Overall, maintenance treatment of schizophrenia with PP3M was clinically effective in preventing relapse and achieving symptom control. These findings are substantially consistent with the efficacy reported for PP1M in global populations. 9, [11] [12] [13] 15 In a recent post-hoc analysis, 50% of patients who withdrew PP3M treatment had a relapse-free stability of 13 months following discontinuation. This was associated with the longer half-life of PP3M as compared with oral paliperidone (relapse-free period: 2 months) and PP1M (relapse-free period: 6 months). 28 Since treatment interruptions during long-term antipsychotic therapy are frequent and unpredictable, durable relapse-prevention with PP3M is clinically desirable; longer stability extends the time available to clinicians and caregivers to ensure continued follow-up and treatment restart. 18, 19, 28 PP3M treatment was also associated with high symptomatic remission rates (B50%) in patients with schizophrenia. This was accompanied by consistent improvements in total PSP scores and in individual PSP domain scores Data presented as n (%). DB = double-blind; EPS = extrapyramidal symptom; ITT = intention-to-treat; OL = open-label; PP = paliperidone palmitate; PP1M = paliperidone palmitate 1-month formulation; PP3M = paliperidone palmitate 3-month formulation; ROW = rest-of-world; TEAE = treatment emergent adverse event.
* An adverse event that started in the OL phase and resulted in study drug being discontinued in the DB phase is counted as treatment emergent in the OL phase. w Patients received PP1M through the 17-week OL phase and PP3M at the start of the 12-week OL maintenance phase.
(socially useful activities, personal and social relationships, self-care, and disturbing and aggressive behavior). 27 In addition, a large number of patients (46%) continued to have good functioning (PSP total score 4 70) from post-stabilized baseline through the completion of the 48-week treatment phase, suggesting sustained, relevant improvements in personal and social functioning. 19 Taken together, these findings indicate that long-term therapy with PP3M can provide symptomatic and functional remission, regarded as important indices of treatment success and reflect meaningful improvement in quality of life. 19, 27, 29 Further, based on observations from the present analysis and on the recently reported East Asian subgroup analysis, the low relapse rates and efficacy of PP3M in delaying relapse and improving psychotic symptoms were consistent with those noted in the global population and independent of regional and ethnic differences. 18, 19, 21 The significant improvement in IEQ total score in the Latin American subgroup suggests meaningful alleviation in caregiver burden with PP3M treatment in patients who switched to PP3M from oral antipsychotics. The decreases in work days missed and in the number of leisure days impacted reflect the advantage of PP3M over oral antipsychotics in reducing caregiver burden. These findings support the results from larger global data pooled from the same DB, randomized phase 3 studies. 30 Improvements in caregiver burden with PP3M can be extrapolated to the drug's efficacy in achieving symptom stability. Also, the formulation benefit of reduced dosing frequency could potentially allow more time for the caregivers to address other issues, such as managing side effects and exploring psychosocial interventions (e.g., psychoeducation, cognitive rehabilitation etc.) as a component of care, and also to pay more attention to their own well-being. 30, 31 Notably, most caregivers in the present analysis were parents or siblings, as is usually the case in Latin America, where most caregivers of adult schizophrenia patients are family members who live with the patient. 32 It has been suggested that management of schizophrenia should also focus on the mental health of caregivers, and that caregiver burden is a mediator of patient symptomatic status and recovery. 32 Thus, meaningful reduction in the burden of Latino caregivers of patients on PP3M treatment suggest that the intervention may be useful to alleviate distress among caregivers.
The rates and nature of TEAEs were generally similar in the Latin American and ROW subgroups, and consistent with the known profile of paliperidone. 18, 19 In the East Asian subgroup analysis of study A, the incidence of TEAEs was generally higher than in the global population (81 vs. 68%), while in a European subgroup analysis of the same study, TEAE rates were lower than in the nonEuropean population (56 vs. 80%). The rates of study discontinuation and serious TEAEs in the Latin American subgroup were low and comparable to those of the entire global cohort. Among clinically relevant TEAEs, the incidence of weight gain-related and EPS-related TEAEs was within observed limits from previous studies. 18, 19, 33, 34 In the present analysis, none of the patients from Latin America reported prolactin-related, diabetes mellitus/ hyperglycemia-related, or injection-site related TEAEs. Overall, no new safety concerns were identified in patients from Latin America.
The present study has limitations that need to be addressed. The post-hoc nature of this analysis should be taken into account while interpreting the results. The two phase 3 studies from which the data were derived excluded patients with severe psychiatric conditions and hospitalizations, thereby restricting the generalizability of the findings. 18, 19 Also, patients with a recent history of substance dependence, a vulnerable group with dual disorder that is especially important in the Latin American context, were excluded. 35 Enrollment in the DB phase in both studies was based on the principle of enrichment (study A: patients responsive to paliperidone palmitate and study B: patients clinically stable on PP3M), which might explain at least in part the high rates of completion and the low rates of relapse; thus, these positive outcomes might not be directly related to the efficacy of PP3M in the DB phase. 18, 19 Interpretation of the pooled data for caregiver burden should consider that the two studies had different duration, since study B was terminated early following positive interim analysis results (study A: 17 weeks of OL phase followed by 48 week of DB phase; study B: 17 weeks of OL transition phase, 12 weeks of OL maintenance phase and variable-length DB phase). Further, reduction in caregiver burden could be associated with improvements in the worrying and urging domains among caregivers (observed in the global population) 30 since the medication dosing and schedules were being monitored during the study. The study had a small number of patients from Latin America and was not adequately powered to detect a difference between the groups. Furthermore, because patients from only four countries (Argentina, Brazil, Colombia, and Mexico) were included, the group may not be truly representative of the entire Latin American population.
In conclusion, the present subgroup analyses demonstrated that PP3M was effective in preventing relapses and improving psychotic symptoms in patients with schizophrenia from Latin America. No new safety issues unique to the Latin American population with respect to the use of PP3M were identified. Overall, the efficacy and safety profile of PP3M in the Latin American subgroup was consistent with those reported for the global patient population. These data support the use of PP3M as maintenance therapy for schizophrenia in patients from Latin America. Prospective studies in larger populations are warranted to further validate these results. 
